We study the shadowing effect in highly asymmetric diffractive interactions of left-handed and right-handed W -bosons with atomic nuclei. The target nucleus is found to be quite transparent for the charmed-strange Fock component of the light-cone W + in the helicity state λ = +1 and rather opaque for the cs dipole with λ = −1. The shadowing correction to the structure function ∆xF 3 = xF νN 3 − xFν N 3 extracted from νF e andνF e data is shown to make up 20 − 25% in the kinematical range of CCFR/NuTeV.
Introduction
There are several well established facts about nuclear shadowing in photo-and electroproduction, the phenomenon expected since long ago [1, 2, 3] :
• the phenomenon does exist [4] ,
• it scales [5] ,
• it is dominated by large, hadronic size color qq-dipoles, r ∼ m −1 q , that the virtual photon transforms into at a large distance upstream the target [5] .
The latter point implies that shadowing in photo-and electro-production is ∝ m −2 q and is rather small in the charm structure function of nuclei.
The situation is quite different in the charged current (CC) neutrino deep-inelastic scattering (DIS). At small values of Bjorken x the charm production in CC DIS is driven by the W + -gluon fusion,
(1)
In the process (1) charm is inseparable from strangeness and the size of the relativistic heavylight color dipole cs depends strongly on the momentum partition in the light-cone W + -decay.
The latter is determined by the light-cone wave function (LCWF) of the Fock state |cs and depends on the helicity of W + -boson [6] . In this communication we demonstrate that for the left-handed W + shadowing is ∝ 1/µ 2 and for the right-handed W + shadowing is ∝ 1/m 2 ,
where µ and m are the strange and charmed quark masses, respectively. Therefore, in spite of the presence of heavy quark in the color singlet state propagating through the target nucleus, one can expect considerable shadowing corrections to the nucleon structure function
extracted from nuclear data. Here σ L and σ R are the absorption cross sections for the lefthanded and right-handed W + -bosons, respectively. This structure function is known to be determined by the process (1) if x is small enough. The latter is associated with the t-channel vacuum exchange or the sea-quark contribution to xF 3 . However, the data available were taken at moderately small-x and the valence term in xF 3 cannot be neglected [6] . Free of the non-vacuum contributions is the combination of νN andνN structure functions
Hereafter, N stands for an iso-scalar nucleon. Our finding is that the shadowing correction to ∆xF 3 extracted from νF e andνF e data amounts to 20 − 25% in the kinematical range of CCFR/NuTeV experiment [7, 8, 9] .
Color dipole description of CC DIS off nuclei
At small values of Bjorken x the interaction of high-energy neutrino with the target nucleus is treated as mediated by the interaction of the color dipole of invariant mass M the virtual W + transforms into at a large distance l, upstream the target:
Here k L is the longitudinal momentum transfer in the transition (1), x = Q 2 /2pq, p and q are the target nucleon and the virtual W + four-momenta, respectively, q = (ν, 0, 0, √ ν 2 + Q 2 ),
Interaction of the color dipole of size r with the target nucleon is described by the beamand flavor-independent color dipole cross section σ(x, r) [5, 10, 11] . At small x the dipole size r is a conserved quantum number. Therefore, the contribution of the excitation of open charm/strangeness to the nuclear absorption cross section for scalar, (λ = 0), left-handed, (λ = −1) and right-handed, (λ = +1), W + -boson of virtuality Q 2 is given by the color dipole factorization formula [12, 13] 
where [14] σ A (x, r)
Here T (b) is the the optical thickness of a nucleus,
b is the impact parameter and n(r) is the nuclear matter density normalized as follows:
One can expand the exponential in Eq. (5) to separate the impulse approximation term and the shadowing correction, δσ A λ , in (4),
Here
and the cross sections σ L and σ R introduced above are σ L = σ −1 and σ R = σ +1 . To the lowest order in σT the shadowing term reads
where
The longitudinal nuclear form factor S A (k L ) in Eq.(10) takes care about the coherency constraint,
Notice that the accuracy of the approximation (10) for νF e scattering is not better than 30%, quite sufficient though for quantitative analysis. The numerical calculations presented below are done for the full Glauber series (5),
The LCWF, Ψ λ 1 ,λ 2 λ (z, r), in Eqs. (4), (9) and (11) describes the Fock state |cs with the c-quark carrying the fraction z of the W + light-cone momentum and thes-quark with momentum fraction 1 − z. The cands-quark helicities are λ 1 = ±1/2 and λ 2 = ±1/2, respectively. This wave function derived in Ref. [6] is found in Appendix.
The diagonal elements of the density matrix
for λ = λ ′ = ±1 entering Eqs. (4), (9) and (11) are as follows:
and
and K ν (x) is the modified Bessel function. The c-quark ands-quark masses are m and µ, respectively.
Consequences of the striking momentum partition asymmetry of both ρ −1−1 and ρ +1+1
were studied in Ref. [6] . This asymmetry was found to determine the vacuum exchange contribution to the structure function xF 3 of CC DIS: are extracted from the νF e andνF e data [7, 8, 9] . To estimate the strength of the nuclear shadowing effect in xF 3 at high Q 2 such that m 2 Q 2 ≪ 1,
one should take into account that the dipole cross section σ(x, r) in Eqs. (10) and (11) is related to the un-integrated gluon structure function F (x, κ 2 ) = ∂G(x, κ 2 )/∂ log κ 2 , as follows [15] :
In the Double Leading Logarithm Approximation (DLLA), i.e. for small dipoles, we have
where µ G = 1/R c is the inverse correlation radius of perturbative gluons and C ≃ 10 comes from properties of the Bessel function J 0 (y). Because of the scaling violation G(x, Q 2 ) rises with Q 2 , but the product α S (r 2 )G(x, C/r 2 ) is approximately flat in r 2 . Let us estimate first the contribution to σ 2 λ coming from the P-wave term, ε 2 K 1 (εr) 2 , in Eqs. (15) and (16) . The asymptotic behavior of the Bessel function, K 1 (x) ≃ exp(−x)/ 2π/x makes the r-integration rapidly convergent at εr > 1. Integration over r in Eq. (11) yields
and similarly
Obviously, the integral (22) is dominated by z ∼ > 1 − µ 2 /Q 2 i.e., by ε 2 ∼ µ 2 and, consequently, by r 2 ∼ 1/ε 2 ∼ 1/µ 2 . A comparable contribution to the integral (22) comes from the Swave term ∝ µ 2 K 0 (εr) 2 in ρ −1−1 . In Eq. (23) the integral is dominated by z ∼ < m 2 /Q 2 , corresponding to ε 2 ∼ m 2 . Therefore, r 2 ∼ 1/ε 2 ∼ 1/m 2 . Thus, we conclude that the typical dipole sizes which dominate σ λ and σ 2 λ are very different. In Ref. [6] basing on the color dipole approach we found the scaling cross sections σ L and σ R ∝ 1/Q 2 times the Leading-Log scaling violation factors ∝ log Q 2 /µ 2 and ∝ log Q 2 /m 2 , respectively. The scaling violations were found to be (logarithmically) dominated by
On the contrary, the contribution of small-size dipoles, ∼ 1/Q 2 , to σ 2 λ , defined in Eq. (11), proved to be negligible. At λ = −1 σ 2 λ is dominated by large hadronic size cs-dipoles, r ∼ 1/µ. Consequently,
At λ = +1 a typical cs-dipole is rather small, r ∼ 1/m, and δσ A R is small as well:
Thus, there is a sort of filtering phenomenon, the target nucleus absorbs the cs Fock component of W + with λ = −1, but is nearly transparent for cs states with opposite helicity,
In a region of very small Q 2 a considerable asymmetry of the shadowing effect is expected also because at Q 2 → 0
However, at currently available x ∼ > 0.01 both the mass threshold effect and nuclear form
Shadowing in ∆xF 3 : the magnitude of effect
It should be repeated that we focus on the vacuum exchange contribution to xF 3 corresponding to the excitation of the cs-pair in the process (1) . Therefore, the structure function One can combine the νN andνN structure functions to isolate the Pomeron exchange term.
Indeed, from Eqs. (2), (28) and (29) it follows that
The extraction of ∆xF 3 from CCFR ν µ F e andν µ F e differential cross section in a modelindependent way has been reported in Ref. [9] . In terms of δσ A L,R the shadowing correction to xF 3 is
Obviously, the shadowing correction to ∆xF 3 is related to δxF 3 ,
To give an idea of the magnitude of the effect we evaluate the ratio
as a function of Q 2 for several values of Bjorken x in the kinematical range of CCFR/NuTeV experiment. Our results obtained for realistic nuclear densities of Ref. [16] are presented in Figure 1 . Shown is R(Q 2 ) for different nuclear targets including 56 F e.
We evaluate the ratio R making use of the color dipole factorization as described above.
The differential gluon density F (x g , κ 2 ) in Eq. (20) was determined in Ref. [17] . In our calculations F (x g , κ 2 ) enters at the gluon momentum fraction 
For our purposes it is not necessary to use for S A the numerical Fourier transform of the realistic nuclear density. Instead we take a Gaussian parameterization normalized to the 
Summary
In this paper we have presented the color dipole analysis of nuclear effects in charge current Appendix. The W + → cs-transition vertex is
where U cs is an element of the CKM-matrix and the weak charge g is related to the Fermi coupling constant G F through the equation
The polarization states of W-boson carrying the laboratory frame four-momentum
are described by the four-vectors e λ , with 
are as follows [6] : 
